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(54) X-RAY INSPECTION DEVICE

(57)  [Problem]Provided is an X-ray inspection device
(1) that can reduce erroneous detection of foreign matter
(F).

[Solving method]

An X-ray inspection device (1) includes a conveying
unit (5), an X-ray irradiation unit (6), an X-ray detection
unit (7), and a control unit (10) configured to inspect
whether foreign matter (F) is included in an article (A)
based on an X-ray transmission image. The control unit
(10) performs a first inspection of inspecting, by using a
predetermined threshold value to inspect whether the
foreign matter (F) having a lower attenuation rate of an X-
rays than the article (A) is included in the article (A),
performs a second inspection of inspecting, by using a
machine learning algorithm to inspect whether the for-
eign matter (F) is included inside the article (A), and
determines that the foreign matter (F) is included in the
article (A) in a case where the foreign matter (F) common
toinspection results of the firstinspection and the second
inspection is included in the article (A).
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Description
Technical Field

[0001] The present invention relates to an X-ray in-
spection device.

Background Art

[0002] An X-ray inspection device includes a convey-
ing unit that conveys an article, an X-ray irradiation unit
that irradiates the article conveyed by the conveying unit
with X-rays, an X-ray detection unit that detects the X-
rays transmitted through the article, and an inspection
unit that generates an X-ray transmission image from the
X-rays detected by the X-ray detection unit and inspects
the article based on the X-ray transmission image (see,
for example, Patent Document 1).

Citation List
Patent Literature

[0003] Patent Document 1: WO 2006/001107

Summary of Invention
Technical Problem

[0004] There is demand for an inspection that deter-
mines that foreign matter such as resin included in an
article is abnormal by means of an X-ray inspection
device. When using a machine learning algorithm
(learned model) to perform an inspection of the foreign
matter, the X-ray inspection device has difficulty distin-
guishing between a cavity (void) formed inside the article
and the foreign matter. Thus, a cavity thatis notabnormal
may be determined as being abnormal, and a non-de-
fective article may be erroneously detected as a defective
article. When performing an inspection of the foreign
matter through image processing (energy analysis),
the X-ray inspection device may determine noise or
the like to be the foreign matter when attempting to
increase sensitivity, and a non-defective article may be
erroneously detected as a defective article.

[0005] An aspect of the presentinvention is to provide
an X-ray inspection device that can reduce erroneous
detection of foreign matter.

Solution to Problem
[0006]

(1) An X-ray inspection device according to one
aspect of the present invention includes a conveying
unit configured to convey an article, an X-ray irradia-
tion unit configured to irradiate the article conveyed
by the conveying unit with X-rays, an X-ray detection
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unit configured to detect the X-rays with which the X-
ray irradiation unit irradiates the article and which
transmit through the article, an X-ray transmission
image generation unit configured to generate an X-
ray transmission image based on the X-ray detected
by the X-ray detection unit, and an inspection unit
configured to inspect whether foreign matter is in-
cluded in the article based on the X-ray transmission
image generated by the X-ray transmission image
generation unit. The inspection unit uses a prede-
termined threshold value to perform a firstinspection
of inspecting whether the foreign matter having a
lower attenuation rate of the X-rays than the article is
included in the article, uses a machine learning
algorithm to perform a second inspection of inspect-
ing whether the foreign matter is included inside the
article, and determines that the foreign matter is
included in the article in a case where the foreign
matter common to inspection results of the first in-
spection and the second inspection is included in the
article.

In the X-ray inspection device according to the one
aspect of the present invention, the inspection unit
determines that the foreign matter is included in the
article in a case where the foreign matter common to
the inspection results of the first inspection and the
second inspection is included in the article. Thus, by
using the two inspection results, the X-ray inspection
device does not determine that the foreign matter is
included upon, for example, determining a cavity to
be the foreign matter in the second inspection but
determining that the foreign matter is not included in
the article in the first inspection. Thus, the X-ray
inspection device can reduce erroneous detection
of the foreign matter.

(2) In the X-ray inspection device according to (1),
the inspection unit may determine whether the for-
eign matter is included in the article based on a
region occupied by the foreign matter in the X-ray
transmission image upon determining that the for-
eign matter is included in the article in the inspection
result of at least one of the first inspection and the
second inspection. An attempt to increase sensitivity
in the first inspection may increase the influence of
minute noise, causing erroneous detection. Thus,
the inspection unit determines whether the foreign
matter is included in the article based on the region
occupied by the foreign matter in the X-ray transmis-
sion image. This allows the X-ray inspection device
to eliminate minute noise. Thus, the X-ray inspection
device can reduce erroneous detection while im-
proving detection accuracy.

(3) In the X-ray inspection device according to (1) or
(2), the X-ray detection unit may detect the X-rays in
a first energy band transmitted through the article
and the X-rays in a second energy band transmitted
through the article, the X-ray transmission image
generation unit may generate the X-ray transmission
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image based on the X-rays in the first energy band
and the X-ray transmission image based on the X-
rays in the second energy band, and the inspection
unit may determine whether the foreign matter is
included in the article based on a difference image
of a plurality of the X-ray transmission images gen-
erated by the X-ray transmission image generation
unit. This configuration uses the difference image of
the plurality of the X-ray transmission images based
on the two different energy bands, and thus the
foreign matter can be detected more accurately.
(4) In the X-ray inspection device according to any
one of (1) to (3), the inspection unit may perform the
second inspection by using a learned model that is
machine-learned based on an image including the
foreign matter having the lower attenuation rate of
the X-rays than the article. This configuration allows
the foreign matter such as resin inside the article to
be accurately detected.

(5) In the X-ray inspection device according to any
one of (1) to (4), the foreign matter may have a
specific gravity smaller than the article. The foreign
matter such as resin inside the article (object to be
inspected) has the specific gravity smaller than the
article. Using the above configuration enables the X-
ray inspection device to accurately detect the foreign
matter such as resin inside the article.

Advantageous Effects of Invention

[0007] One aspect of the presentinvention can reduce
erroneous detection of foreign matter.

Brief Description of Drawings
[0008]

FIG. 1is a configuration diagram illustrating an X-ray
inspection device according to an embodiment.

FIG. 2 is a configuration diagram illustrating an inter-
ior of a shield box illustrated in FIG. 1.

FIGS. 3(a) and 3(b) are diagrams illustrating trans-
mission images.

FIG. 4 is a graph schematically showing an example
of a luminance distribution of a difference image.

Description of Embodiments

[0009] A preferred embodiment of the present inven-
tion will be described below in detail with reference to the
attached drawings. Note that, in the description of the
drawings, identical or equivalent elements are denoted
by the same reference signs and redundant descriptions
thereof will be omitted.

[0010] As illustrated in FIG. 1, an X-ray inspection
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device 1 includes a device main body 2, support legs
3, a shield box 4, a conveying unit 5, an X-ray irradiation
unit6, an X-ray detection unit 7, a display operation unit 8,
and a control unit 10. In the present embodiment, for
example, the X-ray inspection device 1 inspects foreign
matter inside an article A, such as soft candy. The foreign
matter is, for example, resin.

[0011] The X-ray inspection device 1 generates an X-
ray transmission image of the article A while conveying
the article A and performs an inspection of the article A
(foreign matter contamination inspection) based on the
X-ray transmission image. The article A before the in-
spectionis conveyed into the X-ray inspection device 1 by
aninbound conveyor 51. The article A after the inspection
is conveyed out from the X-ray inspection device 1 by an
outbound conveyor 52. When the article A is determined
as being a defective article by the X-ray inspection device
1, the article A is sorted out from a production line by a
sorting device (not illustrated) disposed downstream of
the outbound conveyor 52. When the article A is deter-
mined as being a non-defective article by the X-ray in-
spection device 1, the article A passes through the sorting
device.

[0012] The device main body 2 accommodates the
control unit 10 and other constituent elements. The sup-
portlegs 3 supportthe device main body 2. The shield box
4 is provided on the device main body 2. The shield box 4
prevents leakage of X-rays to the outside. Inside the
shield box 4, an inspection region R is provided where
the article Ais inspected by X-rays. A conveyanceinlet4a
and a conveyance outlet 4b are formed in the shield box
4. The article A before the inspection is conveyed into the
inspection region R from the inbound conveyor 51 via the
conveyance inlet 4a. The article A after the inspection is
conveyed out from the inspection region R to the out-
bound conveyor 52 via the conveyance outlet4b. Each of
the conveyance inlet 4a and the conveyance outlet 4b is
provided with an X-ray shielding curtain (not illustrated)
for preventing leakage of X-rays.

[0013] The conveying unit 5 is disposed in the shield
box 4. The conveying unit 5 conveys the article A from the
conveyance inlet 4a to the conveyance outlet 4b through
the inspection region R in a conveyance direction D. The
conveying unit 5 is, for example, a belt conveyor that is
stretched between the conveyance inlet 4a and the con-
veyance outlet 4b.

[0014] As illustrated in FIG. 1 and FIG. 2, the X-ray
irradiation unit 6 is disposed in the shield box 4. The X-ray
irradiation unit 6 irradiates the article A conveyed by the
conveying unit 5 with X-rays. The X-ray irradiation unit 6
includes, for example, an X-ray tube that emits X-rays
and a collimator that widens the X-rays emitted from the
X-ray tube into a fan-like shape in a plane perpendicular
to the conveyance direction D.

[0015] The X-ray detection unit 7 is a sensor 12 that
detects electromagnetic waves. The X-ray detection unit
7 may be configured to detect X-rays in a specific energy
band or may be configured to detect X-rays by a photon
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counting method. The X-ray detection unit 7 may be a
direct conversion type detection unit or an indirect con-
version type detection unit. In the present embodiment,
the X-ray detection unit 7 is a direct conversion type
detection unitthat can detect X-rays by a photon counting
method and includes sensors (multi-energy sensors) that
detect X-rays in a plurality of energy bands transmitted
through the article A. The sensors are arranged, for
example, at least in a direction orthogonal to the con-
veyance direction of the conveying unit 5 and the up-
down direction (width direction). These elements may be
arranged linearly not only in the width direction described
above but also in the conveyance direction described
above. That is, the X-ray detection unit 7 may include a
line sensor or may include a sensor group disposed two-
dimensionally. The sensor 12 is, for example, a photon
detection type sensor such as a CdTe semiconductor
detector.

[0016] As illustrated in FIG. 1, the display operation
unit 8 is provided in the device main body 2. The display
operation unit 8 displays various types of information and
receives input of various conditions. The display opera-
tion unit 8 is, for example, a liquid crystal display and
displays an operation screen as a touch panel. In this
case, an operator can input various conditions via the
display operation unit 8.

[0017] The control unit 10 is disposed in the device
main body 2. The control unit 10 controls the operation of
each component of the X-ray inspection device 1. The
control unit 10 includes a central processing unit (CPU), a
read only memory (ROM), and arandom access memory
(RAM). Detection results of X-rays in a low-energy band
(first energy band) are input to the control unit 10 from the
sensor 12 (see FIG. 2) of the X-ray detection unit 7, and
detection results of X-rays in a high-energy band (second
energy band) are input to the control unit 10 from the
sensor 12 (see FIG. 2) of the X-ray detection unit 7. The
control unit 10 generates X-ray transmission images
based on the detection results. The control unit 10 func-
tions as an X-ray transmission image generation unit that
generates the X-ray transmission images based on the
X-rays detected by the X-ray detection unit 7. The control
unit 10 also functions as an inspection unit that inspects
whether foreign matter F (see FIG. 3(a) and the like) is
included in the article A based on the X-ray transmission
images.

[0018] The control unit 10 performs a first inspection
and a second inspection to inspect whether the foreign
matter F is included inside the article A. The control unit
10 uses a predetermined threshold value to perform the
firstinspection of inspecting whether the foreign matter F
having an X-ray attenuation rate lower than the article Ais
included in the article A. The control unit 10 uses a
machine learning algorithm to perform the second in-
spection of inspecting whether the foreign matter F is
included in the article A. When the foreign matter F
common to the inspection results of the first inspection
and the second inspection is included in the article A, the
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control unit 10 determines that the foreign matter F is
included in the article A. The inside of the article A is a
portion on a path through which the X-rays transmit
between a front surface (a surface facing upward when
the article A is conveyed) and a back surface (a surface
facing a conveyance surface when the article A is con-
veyed) of the article A.

First Inspection

[0019] First, thefirstinspection in the control unit 10 will
be described. The detection results of the X-ray detection
unit 7 are input to the control unit 10. In the present
embodiment, the detection results of the X-rays in the
low-energy band and the detection results of the X-raysin
the high-energy band are input to the control unit 10 from
the sensor 12 of the X-ray detection unit 7. The control
unit 10 generates a plurality of X-ray transmissionimages
based on the X-rays in the plurality of energy bands
detected by the X-ray detection unit 7.

[0020] As illustrated in FIG. 3(a), the control unit 10
generates a first transmission image P1 as the X-ray
transmission image based on the detection results of
the X-rays in the low-energy band. As illustrated in
FIG. 3(b), the control unit 10 generates a second trans-
missionimage P2 as the X-ray transmission image based
on the detection results of the X-rays in the high-energy
band. In each of the first transmission image P1 and the
second transmissionimage P2, atleastthe article Aand a
background other than the article A are illustrated. As in
the example illustrated in FIG. 3(a), the first transmission
image P1 is darker as a whole than the second transmis-
sion image P2. On the other hand, as in the example
illustrated in FIG. 3(b), the second transmission image P2
is brighter as a whole than the first transmission image
P1. Comparison in brightness between the first transmis-
sion image P1 and the second transmission image P2
corresponds to comparison in brightness between the
article A displayed in the first transmission image P1 and
the article A displayed in the second transmission image
P2.

[0021] The control unit 10 performs image processing
including subtraction processing on the first transmission
image P1 and the second transmission image P2 to
generate a difference image in which the difference be-
tween the first transmission image P1 and the second
transmission image P2 is extracted. For example, the
control unit 10 matches the luminance values (gray va-
lues) of portions corresponding to the articles A of the first
transmission image P1 and the second transmission
image P2, performs difference processing of calculating
the difference in the luminance value of each of these
pixels, and acquires a difference image processed so that
the differences between the luminance values of the
pixels corresponding to the foreign matter F and the
luminance values of the pixels not corresponding to
the foreign matter F are increased. Here, the control unit
10 may use an image processing algorithm to perform
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image processing on at least one of the first transmission
image P1 and the second transmission image P2.
[0022] Theimage processingalgorithmis composed of
one image processing filter or a combination of a plurality
of image processing filters. The image processing algo-
rithm can be acquired from the outside via a network such
as the Internet. The image processing algorithm can also
be acquired from an external storage medium such as a
USB memory stick or a removable hard disk. The image
processing algorithm adopts genetic algorithms (GA),
which are techniques of applying mechanisms of inheri-
tance and evolution in the living world and can be auto-
matically generated from a plurality of image processing
filters based on the specifications, inspection conditions,
or the like of the X-ray inspection device 1. The image
processing algorithm can be appropriately set by a user
via the display operation unit 8.

[0023] FIG. 4 is a graph schematically showing an
example of a luminance distribution of the difference
image. In FIG. 4, the vertical axis represents the lumi-
nance, and the horizontal axis represents the position
(each pixel of the difference image) in the conveyance
direction D. The control unit 10 performs an inspection
regarding the presence or absence of the foreign matter F
included in the article A based on the generated differ-
enceimage. The control unit 10 detects the foreign matter
F based on the luminance distribution of the difference
image. The control unit 10 uses a first threshold value to
detect first foreign matter having a specific gravity higher
(heavier) than the article A and uses a second threshold
value different from the first threshold value to detect
second foreign matter having a specific gravity lower
(lighter) than the article A. Specifically, the control unit
10 detects the first foreign matter when there is a lumi-
nance value greater than the first threshold value in the
luminance distribution of the difference image. When
there is a luminance value smaller than the second
threshold value in the luminance distribution of the dif-
ference image, the control unit 10 detects the second
foreign matter.

[0024] AsshowninFIG. 4, the first threshold value is a
luminance value greater than a reference luminance
value that is a luminance value corresponding to the
article A. The reference luminance value is, for example,
zero and also corresponds to the background of the
difference image. The first threshold value is a foreign
matter determination threshold value for determining the
presence or absence of the first foreign matter. The
second threshold value is a foreign matter determination
threshold value for determining the presence or absence
of the second foreign matter. The second threshold value
is a luminance value smaller than the reference lumi-
nance value. The first threshold value and the second
threshold value can be individually set via the display
operation unit 8. The first threshold value and the second
threshold value may be appropriately setthrough a test or
the like in accordance with the properties of the article A.
For example, the absolute value of the first threshold
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value may be greater than the absolute value of the
second threshold value.

[0025] The first foreign matter is, for example, metal
inside the article A, and is made of an element heavier
than the element of the article A. The first foreign matter
corresponds to, for example, a bright portion in the dif-
ference image. The second foreign matter is, for exam-
ple, plastic resin inside the article A, and is made of an
element lighter than the element of the article A. The
second foreign matter corresponds to, for example, a
dark portion in the difference image.

[0026] In the example shown in FIG. 4, the luminance
value in the luminance distribution of the difference image
becomes greater than the first threshold value (that is,
there is a significantly bright portion in the difference
image), and it can be determined that the first foreign
matter is included therein. In addition, the luminance
value in the luminance distribution of the difference image
becomes smaller than the second threshold value (that
is, there is a significantly dark portion in the difference
image), and it can be determined that the second foreign
matter is included therein. Note that, when the luminance
value is equal to or smaller than the first threshold value
and equal to or greater than the second threshold value
(thatis, when the brightness of the difference image is the
same as the brightness of the background) in the lumi-
nance distribution of the difference image, it can be
determined that there is no foreign matter therein.

Second Inspection

[0027] Next, the second inspection will be described.
The control unit 10 uses a learned model to determine
whether the foreign matter F is included in the article A.
The learned model is a learned model that is machine-
learned based on an image including the foreign matter F
having an X-ray attenuation rate lower than the article A.
The learned model can be acquired from an external
storage medium such as a USB memory stick or a
removable hard disk. The control unit 10 inputs, for ex-
ample, the second transmission image P2, to the learned
model and determines whether the foreign matter F is
included in the article A. The control unit 10 stores the
inspection result of the foreign matter F in the storage
unit.

Foreign Matter Determination

[0028] When the foreign matter F (second foreign
matter) common to the inspection result of the first in-
spection and the inspection result of the second inspec-
tion is included in the article A, the control unit 10 deter-
mines that the foreign matter F is included in the article A.
When determining that the foreign matter F is included in
the article A in the inspection result of at least one of the
firstinspection and the second inspection, the control unit
10 determines whether the foreign matter F is included in
the article A based on a region occupied by the foreign
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matter F in the X-ray transmission image. The threshold
value may be appropriately setthrough a test or the like in
accordance with properties (such as a size) of the foreign
matter F. In the present embodiment, when the foreign
matter F common to the inspection result of the first
inspection and the inspection result of the second in-
spection is included in the article A and the area of the
foreign matter F is equal to or greater than the threshold
value, the control unit 10 determines that the foreign
matter F is included in the article A.

[0029] The controlunit 10 displays the inspection result
on the display operation unit 8 after determining the
foreign matter detection. On the display operation unit
8, for example, an inspection result image and the in-
spection result"Good (non-defective article)" or "No good
(defective article)" are displayed. On the display opera-
tion unit 8, a region including the foreign matter F is
displayed in an enclosed manner. In addition, upon de-
termining that the foreign matter F is included in the article
A, the control unit 10 outputs an instruction signal for
instructing the sorting device to sort out the article A.
[0030] As described above, in the X-ray inspection
device 1 according to the present embodiment, the con-
trol unit 10 determines that the foreign matter F is in-
cluded in the article A when the foreign matter F common
to the inspection results of the first inspection and the
second inspection is included in the article A. Thus, as a
result of using the two inspection results, the X-ray in-
spection device 1 does not determine that the foreign
matter F is included in the article A, for example, in a case
where it is determined in the second inspection that a
cavity is the foreign matter F, but it is determined in the
first inspection that the foreign matter F is not included.
Thus, the X-ray inspection device 1 can reduce erro-
neous detection of the foreign matter F.

[0031] Inthe X-rayinspection device 1 accordingtothe
present embodiment, the control unit 10 determines
whether the foreign matter F is included in the article A
based on the region occupied by the foreign matter F in
the X-ray transmission image upon determining that the
foreign matter F is included in the article A in the inspec-
tion result of at least one of the first inspection and the
second inspection. An attempt to increase sensitivity in
the first inspection increases the influence of minute
noise, which may cause erroneous detection. Thus,
the control unit 10 determines whether the foreign matter
Fisincluded in the article A based on the region occupied
by the foreign matter F in the X-ray transmission image.
This allows the X-ray inspection device 1 to eliminate
minute noise. Consequently, the X-ray inspection device
1 canreduce erroneous detection while improving detec-
tion accuracy.

[0032] Inthe X-rayinspection device 1 accordingtothe
present embodiment, the X-ray detection unit 7 detects
the X-rays in the high-energy band transmitted through
the article A and the X-rays in the low-energy band
transmitted through the article A. The control unit 10
generates the first transmission image P1 based on
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the X-rays in the high-energy band and the second
transmission image P2 based on the X-rays in the low-
energy band. The control unit 10 determines whether the
foreign matter F is included in the article A based on the
difference image of the first transmission image P1 and
the second transmission image P2. In this configuration,
since the difference image of the plurality of X-ray trans-
mission images based on the two different energy bands
is used, the foreign matter F can be detected more
accurately.

[0033] Inthe X-rayinspection device 1 according to the
present embodiment, the control unit 10 performs the
second inspection by using the learned model that is
machine-learned based on the image including the for-
eign matter F having the X-ray attenuation rate lower than
the article A. This configuration allows the foreign matter
F such as resin inside the article A to be accurately
detected.

[0034] Although an embodiment of the present inven-
tion has been described above, the present invention is
not necessarily limited to the above-described embodi-
ment, and various modifications can be made without
departing from the gist of the present invention.

[0035] In the above-described embodiment, the X-ray
detection unit 7 is configured to detect the X-rays in the
two bands, but is not limited thereto. For example, the X-
ray detection unit 7 may be configured to detect X-raysin
three or more bands. In this case, the X-ray detection unit
7 may use the X-rays in the three or more bands to
determine the presence or absence of foreign matter
included in the article A.

[0036] Inthe embodiment described above, an exam-
ple is given of a mode that is a so-called photon-counting
sensor as the X-ray detection unit 7. However, the X-ray
detection unit 7 may include a first line sensor and a
second line sensor. Each of the first line sensor and the
second line sensor is composed of X-ray detection ele-
ments (notillustrated) arrayed one-dimensionally along a
horizontal direction perpendicular to the conveyance
direction D. The first line sensor detects X-rays in a
low-energy band transmitted through the article A and
the conveying belt of the conveying unit 5. The second
line sensor detects X-rays in a high-energy band trans-
mitted through the article A, the conveying belt of the
conveying unit 5, and the first line sensor. The X-ray
detection unit 7 may be configured to include one line
sensor or may use another sensor.

[0037] Inthe above-described embodiment, an exam-
ple is given of a mode of generating the first transmission
image P1 and the second transmission image P2, and
determining whether the foreign matter F is included in
the article A based on the difference image obtained by
extracting the difference between the first transmission
image P1 and the second transmission image P2. How-
ever, in a configuration in which X-rays in a plurality of
energy bands are not detected, whether the foreign
matter F is included in the article A may be determined
based on an X-ray transmission image.
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[0038] Inthe above-described embodiment, an exam-
ple is given of a mode of using the learned model that is
machine-learned based on the image including the for-
eign matter F having the X-ray attenuation rate lower than
the article A in the second inspection for the purpose of
inspecting the foreign matter F having the X-ray attenua-
tion rate lower than the article A. However, the learned
model is not limited thereto. For example, a learned
model that is machine-learned based on an image in-
cluding foreign matter F having an X-ray attenuation rate
higher than the article A may be used in the second
inspection. When this learned model is used, metal or
the like can be detected as the foreign matter F. Speci-
fically, when the foreign matter F (first foreign matter)
common to the inspection result of the firstinspection and
the inspection result of the second inspection is included
in the article A, itis determined that the foreign matter F is
included in the article A.

[0039] In the above-described embodiment, the X-ray
inspection device 1 includes the control unit 10, but no
such limitation is intended. For example, at least some of
the functions of the control unit 10 may be implemented in
an external control device (such as a laptop PC, a tablet,
or a server) capable of performing wired or wireless
communication with the X-ray inspection device 1. The
configurations in the embodiment or the modification
described above can be optionally applied to configura-
tions in another embodiment or another modification.

Reference Signs List

[0040] 1. X-rayinspectiondevice, 5. Conveying unit, 6.
X-ray irradiation unit, 7. X-ray detection unit, 10. Control
unit (X-ray transmission image generation unit, Inspec-
tion unit), A. Article, F. Foreign matter.

Claims
1. An X-ray inspection device (1), comprising:

a conveying unit (5) configured to convey an
article (A);

an X-ray irradiation unit (6) configured to irradi-
ate the article (A) conveyed by the conveying
unit (5) with X-rays;

an X-ray detection unit (7) configured to detect
the X-rays with which the X-ray irradiation unit
(6) irradiates the article (A) and which transmit
through the article (A);

an X-ray transmission image generation unit
(10) configured to generate an X-ray transmis-
sion image based on the X-rays detected by the
X-ray detection unit (7); and

an inspection unit (10) configured to inspect,
based on the X-ray transmission image gener-
ated by the X-ray transmission image genera-
tion unit (10), whether foreign matter (F) is in-
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cluded in the article (A), wherein
the inspection unit (10) is further configured to:

perform afirstinspection of inspecting using
a predetermined threshold value to inspect
whether the foreign matter (F) having a low-
er attenuation rate of the X-rays than the
article (A) is included in the article (A),
perform a second inspection of using a ma-
chine learning algorithm to inspect whether
the foreign matter (F) is included inside the
article (A), and

determine that the foreign matter (F) is in-
cluded in the article in case where the for-
eign matter (F) common to inspection re-
sults of the first inspection and the second
inspection is included in the article (A).

The X-ray inspection device (1) according to claim 1,
wherein

the inspection unit (10) is configured to determine,
based on a region occupied by the foreign matter (F)
in the X-ray transmission image and upon determin-
ing that the foreign matter (F) is included in the article
(A) in the inspection result of at least one of the first
inspection and the second inspection, whether the
foreign matter (F) is included in the article (A) .

The X-ray inspection device (1) according to claim 1
or 2, wherein

the X-ray detection unit (7) is configured to de-
tect the X-rays in a first energy band transmitted
through the article (A) and the X-raysin a second
energy band transmitted through the article (A),
the X-rays transmission image generation unit
(10) is configured to generate the X-ray trans-
mission image based on the X-ray in the first
energy band and the X-ray transmission image
based on the X-rays in the second energy band,
and

the inspection unit (10) is configured to deter-
mine, based on a difference image of a plurality
of the X-ray transmission images generated by
the X-ray transmission image generation unit
(10), whether the foreign matter (F) is included
in the article (A).

The X-ray inspection device (1) according to any one
of claims 1 to 3, wherein

the inspection unit (10) is configured to perform the
second inspection by using a learned model that is
machine-learned based on an image including the
foreign matter (F) having the lower attenuation rate
of the X-rays than the article (A).

The X-ray inspection device (1) according to any one
of claims 1 to 4, wherein
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the foreign matter (F) has a specific gravity smaller
than the article (A).
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